We analyze the possibility of producing two color 
I. INTRODUCTION
The development of X-ray sources characterized by high versatility, large spectral ux and tunability opens the way for a breakthrough in a number of scientic and technical elds. One of the most promising format in which the X radiation can be delivered to the users is in the form of packets containing two dierent spectral lines with adjustable wavelength and time separation between them. By means of two color X-rays it is possible to deepen the fundamental knowledge and understanding of the properties of materials and living systems, probing the matter on atomic scale in space and time [1] . Pairs of colored X-ray pulses can be particularly useful to perform pump and probe experiments of structural dynamics, experiments designed to monitor the ultrafast changes in atomic, electronic and magnetic structure [25] . In the Pump-Probe experiments the process -e.g. a chemical reaction or an excitation or a structural change in a solid state -is started with one rst pulse and then, after a certain time, a second one of another color is used to get the image of the event. In this way, following its time evolution, informations on pathways, barriers and transition states of the process can be gained. The time-domain spectroscopy is based on the interplay between the conjugate variables of frequency and time [6, 7] . The time scale for such dynamics can range from 10 fs in ultrafast processes as the dissociative ionization [8] , to hundred femtoseconds for less energetic chemical mechanisms [9, 10] .
Another important issue is the future color X-ray technology. Color X-ray imaging is a technique that will provide signicant development to screening or diagnostic mammography.
The color component contains extra information and allows to discriminate the chemical composition of the absorbing tissues [12, 13] .
Experiments of dual color production and use have been recently carried on with FreeElectron Lasers (FELs) as radiation sources [4, 11, 1417] and several promising proposals aimed to generate two-color FEL emission in the x-ray wavelength regime [1821] have been so far investigated. Thomson and Compton sources, even though less brilliant respect to FELs, produce radiation with short wavelength, high power, ultra-short time duration, large transverse coherence and tunability, ensuring, at the same time, contained dimensions of the set-up and limited costs of construction and maintenance. Existing Thomson sources [2232] have already demonstrated to be an important tool for generating tunable quasimonochromatic X/γ-rays suitable for applications in advanced biomedical imaging and in many other elds such as crystallography, plasma, high energy, matter physics and nuclear photonics. In fact, experiments on phase contrast imaging, microtomography, K-edge techniques on biological and human samples have been successfully performed. The Thomson source SL_Thomson [33] at SPARC_LAB [34] is operating at INFN-LNF and foresees high ux and large versatility. It is based on the back-scattering between the light pulse provided by the high intensity Ti:Sapphire laser FLAME [36] and the high brightness electron beam of the photoinjector SPARC [35] . SPARC delivers electron bunches with charge up to 1 nC, energy up to 170 M eV , and brightness larger than 10 14 A/mrad 2 . Since the rst application of SL_Thomson source is in the eld of mammographic images, the photoinjector is foreseen to operate, in a rst stage, at a nal electron energy E e of about 30 M eV , producing Doppler blue shifted hard X-rays with energy E p = 4E 0 γ 2 (E 0 = 1.55 eV is the photon energy of FLAME and the Lorentz factor γ ≈ 60) of about 20 keV . The SPARC standard operation at 150 M eV permits to approach values of E p ≈ 500 keV , spanning all the range within these limits, and, with a future upgrade that will bring the electrons to 250 M eV , γ rays with energies exceeding 1 M eV could be produced. At SPARC_LAB, electron beams bichromatic in energy have been produced by using the technique of illuminating the photo-cathode with a comb laser pulse and by rotating the electron phase space during the acceleration by means of the velocity bunching in the linac. In this way, the time distance between the two beamlets and their energies can be controlled in dependence of the injection phases. Such e-bunches have been matched to and transported into the undulator with FEL emission of double color radiation at a wavelength of 800 nm [16] .
In this paper, we describe the possibility of obtaining two-color X-rays with the Thomson/Compton back-scattering between a laser pulse and the same aforementioned two-energy level electron beams that was produced and tested during the dual color FEL operations.
In the rst section we will describe the electron beam production and simulation in cases with dierent energy and temporal separations. The second section will be devoted to the study of the radiation characteristics, proposing possible experiments at SPARC. Then, we will close with comments and conclusions.
II. TWO-ENERGY LEVEL ELECTRON BEAMS
Electron beams with a double energy level structure have been routinely produced and extensively studied at SPARC_LAB [37, 38] with several dierent applications. The procedure consists in the generation of a comb laser radiation produced by passing the cathode laser through a birefringent BBO crystal, thus obtaining two pulses long hundreds fs, spaced by few ps. The distance between the two laser pulses is controlled by changing the crystal length. The photo-emitted, ps-spaced, electron beam is injected into the rst accelerating structure close to the zero crossing Radio Frequency (RF) eld phase and then propagated along the linac. Since, during the earlier stage, the beam velocity is much lower than the phase velocity of the RF wave, the electrons slip back to phases where the eld is accelerating, being chirped and compressed at the same time. The method has been applied not only for producing one short electron bunch [39, 40] , but also for the controlled compression of sequences of pulses with application in the FEL and TeraHertz elds [41] . Two-energy level electron beams, similar to those used in the FEL two-color experiments [16] , have been simulated with beam dynamical codes as Tstep [42] and Astra [43] . The linac SPARC is constituted by three S-band accelerating cavities SLAC type, the rst two embedded by magnetic solenoids for the emittance control. In the rst example (Table I, (Table I, column B) is extracted closer to the maximum compression condition, the two beamlets overlap better and are separated by an energy gap of about δE e = 1.4 M eV . 
III. RADIATION CHARACTERISTICS
At the exit of the linac, the electron beam is focused by a system set before the interaction chamber, where it meets the electromagnetic eld of the laser pulse, and constituted by three magnetic quadrupoles and a solenoid. The geometry of the scattering is described in Fig. III 
where ν 0 is the frequency of the incident laser photon, e k the unit vector of its direction, n is the direction of the scattered photon, h the Planck constant and γ i the electron Lorentz factor before the scattering. The last term in the denominator is related to the quantum red shift, and is important only when the Lorentz factor of the electron beam approaches the GeV [45] . The classical model describing the interaction between electron and radiation, based on the fundamental laws of the electromagnetism [47] , has been widely analyzed in the framework of the development of Thomson sources and cross checked versus experiments.
The well-known result is that in the far zone the electric eld of the radiation is given by:
where the motion equation can be cast in the form:
The spectral-angular distribution of the photons emitted by the i-th electron is given by the relation involving the Fourier transform of the retarded current :
where r i (t) is the position of the electron, α = 1/137 is the ne structure constant and cgs units are used throughout. Considering negligible the correlations between the electrons, that could give rise to collective eects [48] , and in a linear or moderately non-linear regime [49, 50] , the generalization to an ensemble of electrons can be made by summing over the whole beam the contributions of the single particles. As regards the interacting eld, Gaussian functions describes correctly the proles, with the normalized electric eld A L given by the expression:
where (ξ, η, ζ) are proper coordinates of the laser beam, connected with the laboratory frame ones by ξ = x, η = ycosα − zsinα and ζ = ysinα + zcosα (see Fig. III.3) . Moreover, E L is the total energy delivered by the laser, Z R the Rayleigh length, σ z the longitudinal and σ T the transverse rms dimensions of the laser eld proles. In particular, the system is a Ti:Sapphire laser (λ 0 = 800nm), with E L < 7J, a temporal rms duration that in the rst experiments will be of few ps and a waist diameter W 0 = 2σ T that can be diminished up to 15 µm. The interaction is head-to-head (δ = 0). Taking 
where Ψ l = γ l θ l and θ l is the angle between each beamlet mean direction and the observer. , to the laser natural bandwidth
and temporal prole
. These contributions sum quadratically when the spectrum is almost Gaussian, giving, in this limit, the expression of the rms relative bandwidth:
where the last term gathers all the broadenings due to the laser, that in our case are often negligible. The emittance term the factor 0.68 coming from the relationship between rms and FWHM values. Inserting the parameters relevant to our cases, we obtain two separated lines in correspondence to an acceptance angle less than or about θ max ≈ 1.1 mrad. From a simple model based on the luminosity of the system [45] , one can give an estimate of the total number of photons collected in θ max , which is given by:
(Q being the electron charge in Coulomb), and exceeds 10 6 . The mean frequency of the two color radiation, instead, can be ruled by changing the RF accelerating gradient in the linac, and extracting the electrons at dierent energy values.
We can also discuss the polarization of the radiation, supposing that the laser is totally polarized. If the laser propagation direction is along z (e k = −e z ) and its polarization linear and directed along y , the acceleration is proportional to the vector λ = e y (1 + β z ) + β y (−e z − β).
Supposing, for the sake of simplicity, β = β z e z , we obtain:
The asymmetry of the radiation spot can therefore be deduced directly from (3), because:
while:
(A31)d39 The relevant Stokes parameter S 3 is therefore:
(1 − β z ) 2 − (1 − β z )sin 2 θcos2φ + sin 4 θ 4 Formula (3) can be analyzed in the limit θ 1/γ (γsinθ 1) giving:
This dependence shows that the polarization is almost total if acceptance angles lower than 1/γ are concerned.
IV. CONCLUSIONS
In conclusion, we have shown that it is possible to produce two color x-rays with an electron beam with a two level energy distribution. The electron beam has been already studied experimentally at SPARC in the framework of FEL applications. Simulated electron beams, similar to the measured ones, have been used in Thomson/Compton start-to-end numerical calculations, showing to be suitable to produce two-color X-rays, interesting for various applications. Acceptance angles of the order of 1 mrad permit to isolate the spectral lines, achieving a total number of about 10 6 photons with large line contrast. The photon energy can be controlled by changing the extraction condition of the electrons from the linac, the polarization of the pulse being almost total.
